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TERMINAL DISCLAIMER 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Madam/Sir: 

Your Petitioner, MITSUBISHI HEAVY INDUSTRIES. LTD, having its principal place 
of business at 16-5, Konan 2-chome, Minato-ku, Tokyo 108-8215, Japan, represents that it is the 
owner of the entire right, title, and interest in and to U.S. Patent Application Serial 
No. 10/800,008, filed 03/15/2004, by virtue of an Assignment filed and recorded on 06/24/2004, 
on Reel/Frame 015500/0259, in the United States Patent and Trademark Office; a copy of the 
Patent Assignment Abstract of Title is attached hereto as APPENDIX A. 

Further, your Petitioner represents that it is the owner of U.S. Patent Application No. 
10/807,737, filed 03/23/2004, by virtue of an Assignment filed and recorded on 06/10/2004, on 
Reel/Frame 014733/0603, in the United States Patent and Trademark Office, ; a copy of the 
Patent Assignment Abstract of Title attached hereto as APPENDIX B. 
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Your Petitioner, MITSUBISHI HEAVY INDUSTRIES. LTD, hereby disclaims the 
terminal part of the term of any patent granted on U.S. Patent Application 10/800,008 which 
would extend beyond the full statutory term, as shortened by any terminal disclaimer, of any 
patent granted on U.S. Patent Application 10/807,737, and hereby agrees that any patent so 
granted on U.S. Patent Application 10/800,008 shall be enforceable only for and during such 
period that the legal title to any patent granted on U.S. Patent Application 10/807,737 shall be the 
same as the legal title to any patent granted on U.S. Patent Application 10/800,008, this 
agreement to run with any patent granted on U.S. Patent Application 10/800,008 and to be 
binding upon the grantee, its successors or assigns. 

In making the above disclaimer, Petitioner does not disclaim any terminal part of any 
patent granted on U.S. Patent Application 10/800,008, prior to the foil statutory term of any 
patent granted on U.S. Patent Application 10/807,737 as defined in 35 U.S.C. §§ 154-156 and 
173, in the event that any patent granted on U.S. Patent Application 10/807,737 expires for 
failure to pay a maintenance fee, is held unenforceable or is found invalid in a final judgment by 
a court of competent jurisdiction, is statutorily disclaimed in whole or terminally disclaimed 
under 37 CFR § 1 .321(a), has all claims canceled by a reexamination certificate or as a result of 
an interference proceeding, or is otherwise not deemed to provide the rights conveyed by 35 USC 
§ 154, prior to the foil statutory term of any patent granted on U.S. Patent Application 
10/807,737 as defined in 35 USC §§ 154-156 and 173, except for the separation of legal title 
stated above. Further, Petitioner does not disclaim any terminal part of a patent granted on U.S. 
Patent Application 10/800,008 that would extend beyond the present termination of any patent 
granted on U.S. Patent Application 10/807,737, in the event that such present term is extended by 
virtue of compliance with the conditions for term extension of any present or future patent term 
extension provisions of the patent law, including but not limited to 35 U.S.C. §§ 155, 155A or 
156, and without waiving Petitioner's right to extend the term of a patent granted on U.S. Patent 
Application 10/800,008 to the extent provided by law. 
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The undersigned, being the Attorney of Record for U.S. Patent Application 10/800,008, 
and duly authorized to act on behalf of Petitioner, certifies that he has reviewed the Assignments 
attached as APPENDICES A and B, and to the best of his knowledge and belief, legal title to 
U.S. Patent Application 10/800,008 and any patent granted on U.S. Patent Application 
10/807,737 rests with Petitioners, MITSUBISHI HEAVY INDUSTRIES. LTD. The undersigned 
declares that all statements made herein of his own knowledge are true and that all statements made 
on information and belief are believed to be true; and further that these statements were made with 
the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001, Title 18 of the United States Code, and that such 
willful false statements may jeopardize the validity of the above-identified application or any patent 
issuing therefrom. 



Respectfully submitted, 




FOLEY & LARDNER LLP 
Customer Number: 22428 
Telephone: (202) 672-5569 
Facsimile: (202) 672-5399 



Stephen B. Maebius 
Attorney for the Applicants 
Registration No. 35,264 
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(54) POLYURETHANE RESIN FORMING COMPOSITION, PROCESS FOR PRODUCTION OF 

SEALANT, AND PROCESS FOR PRODUCTION OF HOLLOW-FIBER MEMBRANE MODULES 



(67) A polyurethane reeln forming composition com- 
prising a chief Ingredient (A) containing an leocyanate 
component, and a curing agent (B) containing a pofyol 
component, wherein an leocyanate group-terminated 
prepolymer obtained by reacting an isocyanate group- 
containing compound (a1 ) with a polyfu notional po tyether 
polyol (b 1 ) obtained by using, as an Initiator, a compound 
having a functionality of at least 6 is contained as the 
constituent of the chief Ingredient (A); and a castor oil- 
modified polyol (b2) obtained from castor oil and/or a 



castor oil fatty acid and etrlmettiyJolalkane is contained 
ae the constituent of the curing agent (B). This composi- 
tion has such a long pot life as to be applicable to the 
production of large-sized hollow-fiber membrane mod- 
ules and can form cured resins excellent In adhesiveness 
and heat resistance, low In the temperature dependence 
of hardness and, in particular, extremely little in the 
amount of matter dissolved out in water when Immersed 
in the water 
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Description 
TECHNICAL FIELD 

6 [0001 ] The present invention relates to a polyurethane resin forming composition, a process for production of a sealant, 
and a process for production of a hollow-fiber membrane module, and particularly to a polyurethane resin forming 
composition, which can form cured resins excellent In heat resistance and the like, low In the temperature dependence 
of hardness, and extremely little In the amount of matter dissolved out in water when immersed In the water, a process 
for production of a sealant by curing the composition, and a process for production of a hollow-fiber membrane module, 

w comprising the step of sealing gaps between hollow-fiber membranes at an end portion of a bundle of a plurality of 
hollow-fiber membranes with the sealant obtained by curing the composition, 

BACKGROUND ART 

" [0002] In general, It le widely known to use polyurethane resins excellent in flexibility at ordinary temperature, adhe- 
siveness and chemical resistance as sealants for hollow-fiber membrane modules (hollow-fiber membrane type filter 
devices) making up blood treaters, water purifiers or industrial water treatment plants, 
[0003] In recent years, the hollow-fiber membrane module has tended to be enlarged day after day In an Industrial 
water treatment plant In parttaularwlth a background of a demendfor mom Improvement In throughput capacity. Therefore, 

*> a eealant used has aleo been required to meet the enlargement or the hollow-fiber membrane module, 

[0004] Ae a composition for obtaining a eealant for a membrane module making up a blood treater or water purifier, 
there hae heretofore been proposed a polyurethane resin forming composition making use of an amine type potyol as 
a constituent of a curing agent (eee, for example, Patent Art. 1). 

However, thle polyurethane reeln forming composition cannot be applied to production of a large-sized hollow-fiber 
» membrane module because it is too high in curing rate. Therefore, the composition Is Insufficient to be put to practical 
use In Industrial water treatment plants in particular. 

[0005] As a composition for obtaining a sealant for membrane modules making up a blood treater or water purifier, 
there hae aleo been proposed a polyurethane reeln forming composition making combined use of an amine type polyol 
and a polyoxyalkylene compound having a specific active hydrogen-containing group as constituents of a curing agent 
so (eee, for example, Patent Art. 2) . 

However, a sealant obtained from thle polyurethane reeln forming compoeltlon le poor In heat reeletance and great in 
the amount of matter dissolved out In water when Immersed In the water. Therefore, the composition Is insufficient to 
be put to practical use In Industrial water treatment plants in particular. 

[0006] As a compoeltlon for obtaining a eealant for a hollow-fiber membrane module, there has further been proposed 
35 a polyurethane resin forming compoeltlon making uee of a polyether polyol having a nominal functionality of at least 8 
ae a conetituent of a curing agent (eee, for example, Patent Art, 3). 

However, a sealant obtained from this polyurethane resin forming composition Is great in the amount of matter dissolved 
out In water when Immersed In the water. Therefore, the composition Is Insufficient to be put to practical use tn Industrial 
water treatment plants In particular. 
*o [Q0O7] In addition, aa a composition for obtaining a sealant for membrane modules, there has still further been proposed 
a polyurethane reeln forming compoeltlon making uee of a prepolymer obtained from an excess amount of an organic 
polyleocyanate and an alkylene (having 2 to 6 carton atoms) glycol having at least one methyl group at a side chain as 
a conetituent of a chief Ingredient (see, for example, Patent Art. 4). 

However, a sealant obtained from this polyurethane resin forming compoeltlon le poor In heat reeletance, Therefore, the 
# composition Is Insufficient to be put to practical use in industrial water treatment plants in particular. 

[OOOe] As deecrlbed above, all the sealants obtained from the conventionally known polyurethane resin forming com- 
positions are Insufficient to be put to practical use In Industrial water treatment plants made up by large-sized hollow- 
fiber membrane modules, and there le thus a strong demand for providing a sealant (a polyurethane resin forming 
composition for obtaining such a sealant) capable of being put to practical use In such applications, 
so Patent Art. 1 : Japanese Patent Application Lald-Open No. 6-1 00649 (pagee 2 to 4) 
Patent Art 2: Japanese Patent Application Laid-Open No. 2000-1 26952 (pagea 2 to 4) 
Patent Art 3: Japanese Patent Application Laid-Open No. 2002-1 2B&58 (pagee 2 to 5) 
Patent Art 4: Japanese Patent Application Lald-Open No. 9-48835 (pagee 2 to 4) 
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DISCLOSURE OF THE INVENTION 

PROBLEMS SOUGHT FOR SOU^ON BY THE INVENTION 

s [0009] The present invention has been made taking Into aocount the above-describe background. 

It Is a first object of the present invention to provide a polyurethane resin forming composition, which has such a long 
pot life as to ba applicable to the production of large-alzed hollow-fiber membrane modules and can form cured reslne 
excellent In adhesiveness and heat resistance, low In the temperature dependence of hardness and, In particular, 
extremely little In the amount of matter dissolved out In water when Immersed In the water. 

m [0010] A second object of the present Invention le to provide a procees for production of a sealant, which can produce 
sealants that can meet large-alzed hollow-fiber membrane modules, and are excellent In adhesiveness and heat resist- 
ance, low In the temperature dependence of hardness and, In particular, extremely little In the amount of matter dissolved 
out In water when Immersed In the water, 

[0011] A third object of the present Invention Is to provide a process for production of a hollow-fiber membrane module 
m excellent in productivity and durability, which comprises sealing gaps between hollow-fiber membranes at en end portion 
of a bundle of a plurality of hollow-fiber membranes with a sealant excellent In adhesiveness and heat resistance, low 
In the temperature dependence of hardness and, In particular, extremely little In the amount of matter dissolved out in 
water when Immersed in the water. 

» MEANS FOR THE SOLUTION OF THE PROBLEMS 

[ooi 2] A polyurethane resin forming composition according to the present Invention (first Invention) le a polyurethane 
resin forming composition comprising a chief Ingredient (A) containing an leocyanate component and a curing agent 
(B) containing a polyol component, wherein an Isocyanate group-terminated prepolymer obtained by reacting an Isocy- 
ss anate group-containing compound (a1 ) with a polyfunctions polyether polyol (b1 ) obtained by using, as an initiator, a 
compound having a functionality of at least 6 Is contained as the Isocyanate component making up the chief Ingredient 
(A), and a castor oll-modlfled polyol (b2) obtained from castor oil anoVor a castor oil fatty add and a trimethylolalkene Is 
oontalned as the polyol component making up the curing agsnt (B). 

[0013] Another polyurethane resin forming composition according to the present invention (second invention) is a 
so polyurethane resin forming composition comprising a chief Ingredient (A) containing an Isocyanate component, and a 
curing agent (B) containing a polyol component, wherein an Isocyanate group-terminated prepolymer obtained by reacting 
an ieooyanate group-oontainlngoompound (a1); a polyfunction^ polyether polyol (b1) obtained by using, as an initiator, 
a compound having a functionality of at least 6; and other polyol(s) (b3) is oontalned as the Isocyanate component 
making up the chief ingredient (A), and a castor oil-modified polyol (b2) obtained from castor oil and/or a castor oil fatty 
& acid and a trlmethylolatkane is contained as the polyol component making up the curing agent (B). 

[001 4] At least a part of 'the other poryol(s) (b3) B used for obtaining the isocyanate group-terminated prepolymer may 
preferably be the castor oll-modlfled polyol (b2). 

[0015] A process for production of a sealant according to the present Invention comprises curing the polyurethane 
resin forming composition according to the present invention. 
*o [0016] A process for production of a hollow-fiber membrane module according to the present invention comprises the 
step of seal Ing gaps between hollow-flber membranes at an end portion of a bundle of a plurality of hollow-flbsrmembranee 
with a sealant obtained by curing the polyurethane resin forming composition according to the present invention, 

EFFECTS OF THE INVENTION 

45 

[0017] (1) The polyurethane reeln forming compositions according to the present Invention have a long pot life and 
thus can be applied to production of large-elied hollow-flber membrane modules (hollow-flber membrane type filter 
devices) making up Industrial water treatment plants, and the compositions are also excellent in molding and processing 
ability. 

so According to the polyurethane reeln forming compositions of the preeent Invention, there can be formed cured resins 
excellent in adhesiveness and heat resistance, low In the temperature dependence of hardness (little in change of 
hardness by the temperature In a wide temperature range) and, In particular, extremely little In the amount of matter 
dissolved out In water when Immersed In the water (extremely excellent In low soluble matter-containing property). 
[0018] (2) The sealants obtained by the production process according to the present Invention can meet large-sized 

55 hollow-flber membrane modules because they are obtained from the oomposWone of the present Invention having a 
long pot life. 

The sealants obtained by the production procees according to the present Invention are excellent in adheaivenees, so 
that high adhesive force Is gained between the eealant and a housing base material of a fitter device, and moreover an 
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end portion of a bundle of a plurality of hollow-flber membranes can be strongly banded. 
The sealants obtained by the production process according to the present Invention are excellent In heat resistance, so 
that the adheelve force to the base material can be retained at a high level even when they are subjected to a steam 
sterilization treatment 

6 The sealants obtained by the production process according to the present invention are low in the temperature depend* 
ence of hardness, so that sealing performance can be surely secured In a wide temperature range. 
Even when the sealants obtained by the production process according to the present Invention are brought into contact 
with water, an amount of matter dissolved out In the water Is extremely little. 

[0019] (3) The hollow-fiber membrane module obtained by the production process aooordlng to the present Invention 
w has excellent performance as a fl Iter device and Is also excellent in productivity and durability. Acoordlng to the production 
process of the present Invention, even such a large-sized hollow-fiber membrane module as makes up a large-scale 
Industrial water treatment plant can be produced with certainty. 

BEST MODE FOR CARRYING OUT THE INVENTION 

15 

[0020] The present Invention will hereinafter be described in more detail. 

<Polyurethane resin foimlng compositlon> 

£0 [0021 ] The compositions according to the present invention comprise a chief ingredient (A) containing an leocyanate 
component and a curing agent (B) containing a polyol component 

<Ch1ef Ingredient (A)> 

25 [0022] The chief Ingredient (A) of the compositions according to the present Invention contain, as the leocyanate 
component, at least one prepolymer having an Isocyanate group at a terminal thereof, which is selected from 

(1) an leocyanate group-terminated prepolymer (hereinafter also referred to as 'isocyanate group-terminated pre- 
polymer [I]") obtained by reacting an isocyanate group-containing compound (a1) with a polyfunctions! polyether 

*> polyol (b1); and 

(2) an Isocyanate group-terminated prepolymer (hereinafter also referred to as "isocyanate group-terminated pre- 
polymer [II]") obtained by reacting an isocyanate group-containing compound (a1) with a polyfunctions) polyether 
polyol (b1) and other polyol (s) (b3). 

» [0023] (1 ) Isocyanate group-containing compound (a1 ): 

The Isocyanate group-containing compound (a1) ueed for obtaining the Isocyanate group-terminated prepolymers 
le a compound having an Isocyanate group In its molecule, and as examples thereof, may be mentioned aliphatic 
IsocyanBtes having 2 to 18 carbon atoms (excluding carbon atoms In the Isocyanate group; the eame shall apply 
40 hereinafter), allcycllc Isocyanates having 4 to 1 5 oarbon atoms, aromatic Isocyanate* having 8 to 20 carbon atoms, 
and aromatic aliphatic Isocyanates having B to 15 carbon atome. 

[0024] Compounds obtained by subjecting a part or all of Isocyanate groups In a series of theee Isocyanates to 
modification such as leocyanurate modification, biuret modification, atiophanate modification, urethodione modfflcatton, 
<* urethone imlne modification, carbodllmlde modification, oxazolldone modification, amide modification or Imlde modifi- 
cation may also bs mentioned 

[0025] Ae examples of the aliphatic Isocyanates having 2 to 1 6 carbon atoms, may be mentioned ethylene dileocyanate, 
tstmmethylene cfllsocyanate, hexamethylene dlisocyanaie, dodecamethylenedilsocyanate, 1 ,8,1 1 -undecatrllsocyanate, 
2,2,4-trimethylhexamethylene dileocyanate, lysine diieocyanate, 2,8-dilsocyanatomethyl caproate, bla{2-lsocyBnatoe- 
9Q thyl) fumarete, bls(2-lsocyanatoethyl) carbonate and 2-lsocyanaioethyl-2,8-dl1eocyanatohexanoate. 

[0028] As examples of the allcycllc Isocyanates having 4 to 15 carbon atoms, may bs mentioned Isophorone dlisocy- 
snots, dicyclohexyimethane dilsocyanats, cyclohsxylena dileocyanate, methylcyclohexylene dileocyanate and bis(2- 
lsocyanatoethylH-cyclohexene-1,2-dk»rboxylate. 

[0027] As examples of the aromatic Isocyanates having 8 to 20 carbon atoms, may be mentioned 2,4-toiuene dllso- 
& cyanate, 2,8-toluene dilsocyanate, dlphenylmethane diisocyanate (4,4'-dlphenytmethane dlisocyanate, 2,4'-<Uphenyl- 
methane dileocyanate, 2 t 2'-dlphenylmethane dlisocyanate and mixtures thereof; hereinafter abbreviated as B MDP), 
naphthalene dilsocyanats and polymsthylenepolyphenyi polyisocyanatee having at least 3 benzene rings. 
[0028] As examples of the aromatic aliphatic Isocyanates, may be mentioned xylylene dlisocyanate, o;a,a , ,a'-tetram. 
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ethylxylylene dBsocyanate and dllBocyanatoethylbenzsne. 

[0029] In the present Invention, a compound obtained by subjecting the aromatic Isocyanate or a part of the aromatic 
Isocyanate to any of a series of the above-described modifications Is preferably used as the isocyanate group-containing 
compound (a1 ). In particular, a compound obtained by subjecting MDI or a part of MDI to any of a series of the above- 
s described modifications Is more preferably used. Among others, a compound obtained by subjecting MDI or a part of 
MDI to carbodltmlde modification Is particularly preferably used from the viewpoints of, for example, permitting the 
formation of a cured resin excellent In the working environment upon molding and good In physical properties (for 
example, mechanical strength such as hardness) required of sealants. 
[0030] (2) Polyfunction^ polyether poiyoi (b1): 

10 

The polyfunctions! polyether poiyoi (b1 ) used for obtaining the Isocyanate group-terminated prspolymere Is a poly- 
ether polyol obtained by using, as an Initiator, a compound having a functionality of at least 6 and adding an alKylene 
oxide thereto. 

As examples of "the compound having a functionality of at least 8\ may be mentioned compounds having at least 
" 6 active hydrogen atoms, such as sorbitol, mannltol, dulchol and sucrose. Among these, sorbitol and sucrose are 
preferred. 

As examples of "the alkyiene oxide 1 added, may be mentioned alkylene oxldee having 2 to 4 carbon atoms, such 
as ethylene oxide, propylene oxide and butytene oxide. 

so [0031] Polyether polyols obtained by using, as an Initiator, sorbitol or sucrose and adding propylene oxide thereto are 
preferably used as the polyfunctions! polyether polyol (b1) from the viewpoint of giving a composition (a composition 
according to the present invention) obtained by mixing the ohlsf Ingredient (A) and the curing agent (B) a viscosity 
suitable for forming a eealant. Among these, a polyether polyol obtained by using, as an Initiator, sucrose and adding 
propylene oxide thereto le particularly preferably used from the viewpoint of permitting the formation of a cured resin (a 

» sealant extremely excellent In low soluble matter-containing property) extremely little In the amount of matter dissolved 
out In water from the resulting composition. 

[0032] Ths number average molecular weight of the polyfunctions! polyether polyol (b1) Is preferably 120 to 3,000, 
mors preferably 300 to 1 ,000. According to a composition obtained by using a polyf unctlonal polyether polyol (b 1 ) having 
a number average molecular weight of 300 to 1 ,000, a cured resin (sealant) excellent In heat resistance and extremely 

so little In the amount of matter dissolved out in water can be formed. 

[0033] The hydroxyl value of the polyfunction^ polyether polyol (b1) le preferably 110 to 2,800 mg KOH/g, more 
preferably 300 to 1,100 mg KOH/g. According to a composition obtained by using a polyf unctlonal polyether poiyoi (bl) 
having a hydroxyl value of 300 to 1,100 mg KOH/g, a cured resin (sealant) excellent In heat resistance and extremely 
little In the amount of matter dissolved out In water can be formed. 

33 [0034] In the reaction for obtaining the Isocyanate group-terminated prepolymer [I], an equivalent ratio (isocyanate 
group/active hydrogen group) of the Isocyanate group contained In the isocyanate group-containing compound (al ) to 
the active hydrogen group contained in the polyfunction al polyether polyol (bl) Is generally 1.1 to 130.0, preferably 3.0 
to 90.0, more preferably 5,0 to 80.0. By controlling the equivalent ratio (Isocyanate group/active hydrogen group) to 5.0 
to 80,0, a composition far excellent in the molding and processing ability upon the formation of a sealant (upon the 

<o formation of a hollow-fiber membrane module) can be obtained. Incidentally, the reaction for obtaining the Isocyanate 
group-terminated prepolymer [I] Is a urethanetlon reaction ordinarily conducted. 

[0036] The isocyanate group content In the Isocyanate group-terminated prepolymer [I] Is generally 8 to 30% by mass, 
preferably 1 0 to 28% by mass, more preferably 13 to 26% by mass. By using an Isocyanate group-terminated prepolymer 
[I] having an Isocyanate group content of 13 to 28% by mass, a composition far excellent In the molding and processing 
ability upon the formation of a sealant (upon the formation of a hollow-fiber membrane module) can be obtained. 
[0036] (3) Other polyols (b3): 

In the Isocyanate group-terminated prepolymer [II], the other potyots (b3) that are compounds having at least 2 
active hydrogen atoms are used together with the polyfunctions! polyether polyol (b1). 
so By using ths isocyanate group-terminated prepolymer [II] obtained by using the other polyol(s) (b3) In combination, 
a composition far excellent In the molding and processing ability upon the formation of a sealant (upon the formation 
of a hollowJlber membrane module) can be obtained. 

[0037] Ae examples of "the other polyols (bS) 1 , may be mentioned low-molecular polyols, polyether polyols (excluding 
55 polyfunctions) polyether polyols (b1)), polyester polyols, polylactone polyols, castor oil polyols and polyolsfin polyols. 
TTiese compounds may be used either singly or In any combination thereof. 

[0038] Examples of "tow-molecular polyols" Include dlhydrlc polyols (low-molecular glycol) such as ethylene glycol, 
dlethylene glycol, propylsne glycol, 1 ,2-, 1 ,3- or 1 ,4-butanedlol, 1 ,5-pentanedlol, 3,-methyM ,6-pentanedlol, 1 ,8-hexane 
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glycol, I.B-odanedlol, 1,10-decanediol, neopantyl glycol and hydrogenated blsphenol A; and trihydrlo to octahydrtc 
polyole such as glycerol, trimethytolpropane, hoxanotrlo!, pentaerythrttol and sorbitol 
The molecular weights of the low-molecular polyols are generally 50 to 200. 

[0039] Examples of "polyether polyols (excluding polyfunctions! polyether polyols (b1 ))" Include polymere obtained by 
* using, as an Initiator, any of the above-mentioned low-molecular polyols and adding an aikylsne oxide (for example, an 
alkylene oxide having 2 to 4 carbon atoms, such as ethylene oxide, propylene oxide or butylene oxide) thereto. Specific 
examples thereof Include polypropylene glycol, polyethylene glycol, PTMG and chipped ethers that are copolymers of 
ethylane oxide and propylene oxide. 

The molecular weights of the polyether polyols are generally 200 to 7,000, preferably 600 to 5,000. By using a polyether 
" polyol having a molecular weight of 500 to 5,000, a composition far excellent In the molding and processing ability upon 
the formation of a sealant (upon the formation of a hollow-fiber membrane module) can be obtained. 
[0040] Examples of "polyester polyols' Include polyols obtained by condensation polymerization of a polycarboxyllc 
acid (an aliphatic saturated or unsaturated polycarboxyllc acid, azelaic acid, dodecanolc acid, malelc acid, f unarlc acid, 
ricinolic ecld, a llnoleic sold dlmer-and/or an-aiomatlc polyc8rt)oxyllc-Bcld,-for exBmpla, phthallc acid. Isophthallc acid or 
r& terephthalic acid) with a polyol (the above-described low-molecular polyol and/or polyether polyol). 

The molecular weights of the polyester polyols are generally 200 to 5,000, preferably 500 to 3,000. By using a polyester 
polyol having a molecular weight of 500 to 3,000, a composition far excellent in the molding and processing ability upon 
the formation of a sealant (upon the formation of a hollow-fiber membrane module) can be obtained. 
[0041 ] Examples of ■polylactone polyols 0 Include polyols obtained by addition polymerization of an initiator such as a 
3> glycol or trlol with s-caprolactone, a-methyi-e-caprolactone or e-methyl-e-caprolactone or the like ancVor p-methyl-fr 
valeroiactone or the like In the presence of a catalyst such as an organometalllc compound, metal chelate compound 
or fatty acid metal acyl compound. 

The molecular weights of the polylactone polyols are generally 200 to 5,000, preferably 500 to 3,000. By using a poly- 
lactone polyol having a molecular weight of 500 to 3,000, a composition far excellent In the molding and processing 

25 ability upon the formation of a sealant (upon the formation of a hollow-fiber membrane module) can be obtained. 
[0042] Examples of "castor oil polyols" include castor oil (triglyceride of castor oil fatty acid); linear or branched poly- 
esters obtained by a reaction of a castor oil fatty acid with a polyol (the above-described low-molecular polyol and/or 
polyether polyol), for example, dlglycerides and monoglyoerldes of castor oil fatty acids, mono-, dl- or trlesters of castor 
oil fatty acids with a trlmethylolalkane, and mono-, di- or trlesters of castor oil fatty acids with polypropylene glycol. 

so The molecular weights of the castor oil polyols are generally 300 to 4,000, preferably 600 to 3,000. By using a castor 
oil polyol having a molecular weight of 500 to 3,000, a composition far excellent in the molding and processing ability 
upon the formation of a sealant (upon the formation of a hollow-fiber membrane module) can be obtained. 
[0043] Examples of 'polyotefln polyols 1 Include polybutadlene-based polyols obtained by introducing a hydroxyl group 
Into a terminal of polybutadiene or a copolymer of butadiene and styrene or acrylonttrlle. 

35 [0044] Besides the above, polyether ester polyols obtained by an addition reaction of a polyester having a carboxyl 
group and/or OH group at Its terminal with an aikylsne oxide, for example, ethylene oxide or propylene oxide may be 
mentioned. 

[0045] Among the above-described polyols, polyester polyole and castor oil polyols are preferred. Among others, 
castor oil polyols are particularly preferred. In particular, a compound corresponding to the castor oil-modified polyol 

40 (b2) used as an essential component for the curing agent (B) is preferred as the other polyol (b3). 

According to a composition obtained by using a castor oil polyol (particularly, the castor oil-modified polyol (b2)) as the 
other polyol (b3), a cured resin excellent in the working environment upon molding and good In physical properties 
required of sealants can be formed, and moreover Improvements In the productivity of a sealant, and in Its turn the 
productivity of hollow-fiber membrane modules (filter devices) can also be made. 

45 [0046] The hydroxyl values of the other polyols (b3) are preferably 20 to 1,500 mg KOH/g, more preferably 100 to 
1,300 mg KOH/g. By using any other polyol (b3) having a hydroxyl value of 100 to 1,300 mg KOH/g, an Isocyanats 
group-terminated prepolymer [II] having a viscosity suitable for working as the chief Ingredient can be obtained. At the 
same time, according to the resulting composition, a cured resin (sealant) excellent In heat resistance can be formed. 
[0047] A mass ratio [(b1 y(bd)] of the polyfUnctional polyether polyol (b1 ) to the other polyol(s)(b3) used for obtaining 

w the Isocyanate group-terminated prepolymer [II] Is preferably 1/99 to 99/1, more preferably 5/85 to 80/20, particularly 
preferably 10/00 to 80/40. 

By controlling the mass ratio [(b1)/(b3)] to 10/90 to 60/40, an isocyanate group-terminated prepolymer [II] having a 
viscosity suitable for working as the chief Ingredient can be obtained. At the same time, according to the resulting 
composition, a cured reeln (sealant) excellent In heat resistance can be formed. 
» [0048] In the reaction for obtaining the Isocyanate group4srmlnatsd prepolymer [II], an equivalent ratio (isocyanats 
group/active hydrogen group) of the Isocyanate group contained In the Isocyanate group-containing compound (a1) to 
the active hydrogen groups contained in the polyfUnctional polyether polyol (bl) and the other polyol(s) (b3) le generally 
1.1 to 130.0, preferably 3*0 to 90,0, more preferably 5.0 to B0.0. By controlling the equivalent ratio (isocyanate group/ 
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active hydrogen group) to 5. 0 to 90.0, a composition far excellent In the molding and processing ability upon the formation 
of b sealant (upon the formation of a hollow-fiber membrane module) can be obtained. Incidentally, the reaction for 
obtaining the Isocyanate group-terminated prepolymer [II] la a urethanatlon reaction ordinarily conducted. 
[0048] The bsocyanate group content In the Isocyanate group-terminated prepolymer [II] is generally B to 25% by maee, 

5 preferably 1 0 to 24% by mass, more preferably 1 3 to 23% by maee, By uelng an Isocyanate group-terminated prepolymer 
[II] having an Isocyanate group content of 13 to 23% by maee, a composition far excellent in the molding and processing 
ability upon the formation of a sealant (upon the formation of a hollow-fiber membrane module) can ba obtained. 

<lsocyanata group-terminated prepolymer> 

10 

[0050] The Isocyanate group-terminated prepolymer [I] anoVor Isocyanate group-terminated prepolymer [I I] obtained 
by using the polyfunctlonal polyether pofyo! (b1 ) Is contained as the Isocyanate component making up the chief Ingredient 
(A), whereby the resulting compositions according to the present invention have a long pot life, and a reaction upon 
curing moderately progresses, Accordingly, such a composition can also be applied to the production of large-sized 
hollow-flbermembrane modules (hollow-flbermem 

In addition, a cured resin (sealant) formed by the composition according to the present Invention Is tow tn the temperature 
dependence of hardness (little In change of hardness by the temperature In a wide temperature range). Furthermore, 
hollow-fiber membrane modules (hollow-fib er mamb rene type fllte r devices) produced by uelng the composition according 
to the present Invention are also low in the temperature dependence (change of flow rate by the temperature) of filtration 
20 flow rate and the temperature dependency (change of fraction performanoe by the temperature) of fraction perform ance 
of the hollow-fiber membranes. 

It an Isocyanate group-terminated prepolymer obtained by uelng no polyfunctions] polyether polyol (bi) la used as the 
chief ingredient, a cured resin low In the temperature dependency of hardness cannot be formed even If the curing agent 
(8) containing the castor oil-modified polyol (b2) is used (see Comparative Example 1 which will be described subse- 
ts quentry). 

[0051] In the compositions according to the present Invention, the polyfunctions! polyether polyol (b1) is used as a 
raw material for obtaining the leocyanate group-terminated prepolymer making up the chief Ingredient (A), so that cured 
resins extremely little In the amount of matter dissolved out In water when immersed In the water (extremely excellent 
In low soluble matter-contelnlng property and good In non-staining property) can be formed, Accordingly, the amount of 
30 the polyf unctlonal polyether polyol (b1 ) Introduced can be increased. As a result, the temperature dependence of hardness 
In a cured resin (sealant) formed by the resulting composition can be lowered with certainty. 
According to a composition uelng the polyfunction^ polyether polyol (bi ) only as a constituent of the curing agent, the 
temperature dependence of hardness in a cured resin to be formed cannot be sufficiently lowered (sea Comparative 
Examplee 4 and 5 which will be described subsequently), and the amount of matter dissolved out In water when the 

6 cured resin formed Is immersed In the water cannot be controlled (see Comparative Examplee 2 to 5 which will be 
described subsequently). 

<Cur1ng agent (B)> 

w [0052] The curing agent (B) in the compositions aocordlng to the present Invention contains, as a polyol component, 
a castor oll-modlfled polyol (b2) obtained from castor oil and/or a castor oil fatty acid and a trimethylolalkane. 
[0053] (1 ) Castor oil-modified polyol (b2): 

The castor oll-modlfled polyol (b2) is a modified product (trlmethylolalkane-modlfled product of castor oil and/or 
<s trlmethylolalkana-modlfied product of castor oil fatty add) obtained from castor oil and/or a castor oil fatty acid and 
a trimethylolalkane. 

The castor oll-modlfled polyol (b2) can be obtained by a traneeetertflcatlon reaction of castor oil and a trimethylol- 
alkane; or an estertflcatlon reaction of a castor oil fatty acid and a trimethylolalkane. 
A main component of 'castor oil" Is a triglyceride of ricinolic acid, and "castor oil" Includes hydroganated castor oil. 
On the other hand, a main component of "castor oil fatty acid* Is ricinolic acid, and "castor oil fatty acid" Includes 
hydrogenated castor oil fatty acid. 

As examples of "trimethylolalkane", may be mentioned trtmethylolmethane, trlmethylolethans, trlmethylolpropane, 
prlmethyiolbutane, trlmethylol-pentane, trfmethylolhexane, ttmethylolheptene, trlmethyloloctane, trtmethylolnonane 
and trlmethyloldecahe. 

55 

[0054] The number average molecular weight of the castor oll-modrfled polyol (b2) Is preferably 1 50 to 2,000, more 
preferably 300 to 1 ,200. According to a composition obtained by using a castor oil-modified polyol (b2) having a number 
average molecular weight of 300 to 1 ,200, a cured resin good in physical propartlee (particularly, mechanical properties) 
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required of sealants can be formed 

[0066] The average hydroxy! value of the castor oll-modffled potyol (b2) 1b preferably BO to 1 ,600 (mg KOH/g), mom 
preferably 120 to 600 (mg KOH/g), particularly preferably 300 to 400 (mg KOH/g). 

According to a composition obtained by using a castor oil-modified polyol (b2) having an average hydroxy! value of 120 
6 to 600 (mg KOH/g), a cured resin good In phyelcal properties (particularly, mechanical properties) required of sealants 
can be formed. 

In particular, according to a composition obtained by using a castor oll-modlfled polyol (b2) having an average hydroxy) 
value of 300 to 400 (mg KOH/g) r a cured resin good In physical properties required of sealants can be formed, and 
moreover Improvements in the productivity of a eeelstnt, and in Its turn the productivity of hollow-fiber membrane modules 

" (filter devices) can also be made. 

[0096] The caetor oll-modlfled poiyol (b2) is preferably such that when the number average molecular weight (Mn) of 
a castor oil fatty acid monoaster of a trlmethylolslkahe as determined by GPC measurement is regarded as 460, an area 
ratio of the castor oll-modlfied polyol (b2), whose number average molecular weight (Mn) is at least 450 ae determined 
by the GPC measurement, la at least 85%, and a ratio (Mw/Mn) of the weight average molecular weight (Mw) to the 

" number average molecular weight (Mn) Is at most 1 .5. According to a composition of the present Invention obtained by 
using a castor oil-modified polyol (b2) satisfying these conditions, a cured resin (sealant) extremely little In the amount 
of matter dissolved out In water when immersed In the water can be formed. When these conditions are not satisfied, 
the amount of the matter dissolved out cannot be sufficiently controlled In the resulting sealant. Incidentally, In the GPC 
measurement, a calibration curve obtained from Afunctional polypropylene polyol was used. 

» [0057] The amount (degree) of the dissolved matter Is measured by a testing method for dissolved matter In accordance 
with Test of Aqueous Injection Containers' 1 In Testing Method for Plastic Drug Containers 1 prescribed In The Japanese 
Pharmacopoeia, and Is Indicated by using* as an Index value, a difference In an amount of potassium permanganate 
consumed between a test liquid and a blank test liquid. In the present Invention, this difference le preferably at most 1 .0 
mL, more preferably at moot 0.7 mL, particularly preferably at most 0.5 mL. 

25 [QQ56] A cured resin (sealant) formed from the composition of the present Invention containing the castor oll-modlfied 
polyol (b2) as the polyol component making up the curing agent (8) le low In the temperature dependence of hardness 
and far excellent in adhesiveness and heat resistance, whereby the adhesive force to a housing can be retained at a 
high level even when a sealant (prefentoly, a membranes^ 

modules) formed of the cured resin Is bonded to the housing and then subjected to a steam sterilization treatment. The 
so sealant may be ueed for a long period of time at a high temperature. The hollow-fiber membrane module (hollow-fiber 
membrane type filter device) produced by uelng the composition Is also low In the temperature dependence (change of 
flow rate by the temperature) of filtration flow rate and the temperature dependency (change of fraction performance by 
the temperature) of fraction performance of the hollow-fiber membranes. 

A cu red resin (sealant) formed by a composition obtained by using a curing agent containing no caetor oil-modlfled polyol 
35 (b2) together with the chief ingredient (A) Is high In the temperature dependence of hardnees and poor In adhesiveness 
and heat resistance (see Comparative Example 7 which will be described subsequently). 
[0059] (2) Active hydrogen group-containing compound: 

In the present Invention, another active hydrogen group-containing compound (hereinafter referred to as "active 
40 hydrogen group-containing compound (b4)* than the castor oii-modlfled polyol (b2) may be contained In the curing 
agent (5). 

[0060) As examples of the active hydrogen group-containing compound (b4), may be mentioned polyoie such as low- 
molecular polyole, polyether polyoie, polyester polyols, polylactone poiyols, castor oil polyoie (excluding castor oil-mod- 
Ifled polyole (b2)) and polyolefln polyols. These polyols may be used either singly or In any combination thereof. 
As specific examples thereof, may be mentioned the same compounds as the compounde exemplified as the other 
polyol(s) (b3) a ueed for obtaining the Isocyanate group-terminated prepolymer [II]. However, the polyfunction^ polyether 
polyol (b1) is further Included In "polyether polyole" used as the active hydrogen group-containing compound (b4). 
[0061 ] As examples of the active hydrogen group-containing compound (b4), may also be mentioned amine compounds 
go such as low-molecular polyamlnas and low-molecular amlnoalcohole (for example, propylene oxide or ethylene oxide 
adducte of amino compounds such as athylenediamine, such as N^^'.N'-tetraklsp-hydroxypropyljethylsnedlamlne 
and N.N^N'.N'-tetraklsp^ydroxyathyljethylensdlaminB that are oxyalkylatlon derivatives of the amino compounde; mo- 
no-, dl- and trtethanolamlnos; and N-methyl-N,N'-dlethanolamlne). 

[0062] The proportion [(b2)/(b4)] of the castor oll-modlfied polyol (b2) to the active hydrogen group-containing com- 
a pound (b4) oontalned In the curing agent (B) is preferably 1/B9 to 10O/0, particularly preferably 100/0. 
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<Mtxlng proportion of chief Ingredient (A) to curing agent (B)> 

[0083] In the compositions according to the present Invention, a mixing proportion of the chief Ingredient (A) to the 
curing agent (B) Is such a proportion that a molar ratio (isocyanate group/active hydrogen group) of the Isocyanate group 

5 contained in the isocyanate component (the Isocyanate group-terminated prepolymer [I] and/or fsooyanate group-ter- 
minated prepolymer [I I]) making up the chief Ingredient (A) to the active hydrogen group contained In th e potyol component 
(essential castor oil-modified polyol (b2) and optional active hydrogen group-containing compound (b4)) making up the 
curing agent (B) amounts to preferably 0.8 to 1 .6, more preferably 0.9 to 1 .2, particularly preferably 1 .0 to 1 . 1 . According 
to a composition obtained In such a mixing ratio, a cured resin (sealant) excellent In durability and extremely little in the 

w amount of matter dissolved out In water can be formed. 

[0064] Incidentally, the compositions according to the present invention may contain a publicly known urethanatlon 
catalyst As examples of the urethanatlon catalyst, may be mentioned metallic compound catalyst such as organotln 
compounds; and tertiary amine catalyst such as trlethylenedlamlne (TEDA), tetramethylhexamethylenediamine (TMH- 
MDA),pentBmetryldlethylenetriamine(PMDET 

« (BDMAEA). 

<Sealant and hoilow-flbar membrane module> 

[0065] The production process of a sealant according to the present Invention comprises curing the composition 

*0 according to the present Invention. 

More specifically, the composition of the present Invention comprising the chief Ingredient (A) and the curing agent (B) 
Is prepared at room temperature, and the Isocyanate component making up the chief Ingredient (A) and the polyol 
component making up the curing agent (B) are subjected to a reaction and curing under conditions of 0°C to 100°C, 
preferably 30°C to 80°C, more preferably 30°C to 60°C, whereby a sealant can be suitably formed. 

K incidentally, as needed, each of the chief Ingredient (A) and the curing agent (B) may be heated to 30 to 60°C before 
mixing them for the purpose of shortening a gelling time and lowering the viscosity of the resulting composition. 
[0066] The sealant obtained by the production process according to the present Invention can meet large-sized hollow- 
fiber membrane modules because It Is obtained from the composition of the present invention having a long pot life. 
The sealant obtained by the production process according to the present Invention is excellent In adhesiveness, so that 

» high adhesive force is gained between the sealant and a housing base material of a filter device, and moreover an end 
portion of a bundle of a plurality of hollow-fiber membranes can be strongly banded. 

The sealant obtained by the production process according to the present Invention Is excellent In heat resistance, so 
that the adhesive force can be retained at a high level even when It la subjected to a steam sterilization treatment in a 
stata bonded to an adherend such as a housing. For example, even when the ssalant bonded to a housing composed 

35 of a polycarbonate resin Is subjected to the steam sterilization treatment for 20 minutes under an atmosphere of 1 21°C, 
the retention of adheelve strength Is at least 70%, preferably at least 66%, more preferably at least 00%, particularly 
preferably at least 95%, and so the sealant can sufficiently carry heat resistance required of sealants. 
The sealant obtained by the production process according to the present Invention is low in th e temperature dependence 
of hardness, so that sealing performance can be surely secured In a wide temperature range. 

« Even when the sealant obtained by the production process according to the present Invention Is brought Into oontact 
with water, an amount of matter dissolved out In the water la extremely little. 

The ssalant obtained by the production process according to the present Invention is not broken even when It Is pres- 
surized repeatedly about 60,000 times under conditions of 50°C, and thus sufficiently carries durability required of 
sealants. 

[0067] Such excellent various performance properties are sufficiently developed even In those obtained from the 
composition (compositions according to the present Invention) having a long pot life. Accordingly, the hollow-fiber mem- 
brane modules (hollow-fiber membrane type filter devices) obtained by sealing gaps between hollow-fiber membranes 
at an end portion of a bundle of a plurality of hollow-fiber membranes with the sealant obtained by curing the composition 
aocordlng to the present Invention have such excellent durability as sufficiently withstands continuous use for a long 
so period of time. 

[0066] In addition, the compositions according to the present Invention have a long pot life, and so extremely stable 
productivity can be achieved even in hollow-fiber membrane modules (hollow-fiber membrane type filter devices) that 
have tended to be enlarged In recent years. 

[0069] The hollow-fiber membrane module obtained by the production process according to the present Invention is 
» obtained by sealing gaps between hollow-fiber membranes at an end portion of a bundle of a plurality of hollow-fiber 
membranes with the sealant obtained by curing the composition according to the present Invention. 
The hollow-fiber membrane module obtained by the production process according to the present invention can be 
produced by sealing gaps between hollow-fiber membranes at an end portion of a bundle of a plurality of hollow-fiber 
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membranes with the composition according to the present Invention, curing the composition to form a sealant (thereby 
sealing the gape between hollow-fiber membranes with the sealant), and accommodating the bundle Into a housing. 
As a specific structure of the hollow-fiber membrane module (hollow-fiber membrane type filter device) obtained by the 
production precede according to the present Invention, may be mentioned the structure described In Japanese Patent 
b Application Laid-Open No. 1 1 -5023. However, the structure is not limited thereto. 

EXAMPLES 

[0070] The present Invention will hereinafter be described more specifically by the following Examples and Comparative 
'0 Examples. However, the present Invention Is not to be construed to be limited by these examples. 

[Production Example 1 : production of chief Ingredient (A)] 

[0071] The interior of a 2 L-slzed four-necked flask equipped with a thermometer, a stirrer, a nitrogen-sealed tube and 
a condenser tube wee purged with nitrogen. This flask was charged with 233 g of 4,4'-MDI •Milllonate MT (trade name)" 
(product of Nippon Polyurethane Industry Co., Ltd.) and 591 g of a oarbodllmlde-modlned product •Milllonate MTL-C 
(trade name)" (product of Nippon Polyurethane Industry Co., Ltd,, Isocyenate group content - 28.6% by mass) of 4,4'- 
MDI, and the resultant liquid mixture was heated end stirred. At the time the temperature of the liquid mixture reached 
50'C, 105 g of the following polyol (b31) and 71 g of the following polyol (bl1) were added, and the resultant mixture 
so was stirred and mixed for 3 hours at 70°C under a nitrogen atmosphsre, thereby conducting a reaction to obtain an 
Isocyenate group-terminated prepolymer [II] maki ng up a chief Ingredient (A). This prepolymer will hereinafter be referred 
to as "Chief Ingredient (A-1)", The isocyanate group content In Chief Ingredient (A-1) was 21.0% by mass, and the 
viscosity at25'C was 3,400 mPa-s, 

& [Production Example 2: production of chief Ingredient (A)] 

[0072] The interior of a 2 L-sized four-necked flask equipped With a thermometer, a stirrer, a nitrogen-sealed tube and 
a condenser tube was purged with nitrogen. This flask wad Oharged With 234 g of 4»4'-MDI "Mllllonato MT (trade name)" 
and 698 g of a carbodilmide-modified product "Milllonate MTL-C (trade name)" of 4,4'^MDI, and the resultant liquid 
90 mixture was heated and stirred. At the time the temperature of the liquid mixture reached 50°C, 136 g of the following 
polyol (b21) and 34 g of the following polyol (b11) were added, and the resultant mixture was stirred and mixed for 3 
hours at 70 e C under a nitrogen atmosphere, thereby conducting a reaction to obtain an Isocyanate group-terminated 
prepolymer [II] making up a chief Ingredient (A). This prepolymer will hereinafter be referred to ae "Chief Ingredient (A- 

2) 1 . The l8ccyanate group content In Chief Ingredient (A-2) was 21.0% by mass, and the viscosity at 26 9 C was 1,800 
mPa-e, 

[Production Example 3: production of chief ingredient (A)] 

[0073] The Interior of a 2 L-alzed four-necked flask equipped with a thermometer, a stirrer, a nitrogen-sealed tube and 
*o a condenser tube was purged with nitrogen. This flask was charged with 238 g of 4,4 , -MD1 "Milllonate MT (trade name)" 
and 602 g of a carbodllmlde-modified product "Milllonate MTL-C (trade name) 1 of 4,4'-MDI, and the resultant liquid 
mixture was heated and stirred. At the time the temperature of the liquid mixture reached 50*0, 97 g of the following 
polyol (b21) and 66 g of the following polyol (b1 1) were added, and the resultant mixture was stirred and mixed for 3 
hours at 70°C under a nitrogen atmosphere, thereby conducting a reaction to obtain en Isocyanate group-terminated 
<5 prepolymer [II] making up a chief Ingredient (A), This prepolymer will hereinafter be referred to as "Chief Ingredient (A- 

3) ". The isocyanate group content in Chief Ingredient (A-3) was 21.0% by mass, and the viscosity at 25°C was 3,200 
mPa'S. 

[Production Example 4: production of chief Ingredient (A)] 

50 

[0074] The Interior of a 2 L-slzed four-necked flaek eq uipped with a thermometer, a stirrer, a nttrogen-eealed tube and 
a condenser tube was purged with nitrogen. This flask was oharged with 239 g of 4,4'-MDI •Millionste MT (trade name)" 
and 607 g of a carbodlrnlde^modlfled product "Milllonate MTL-C (trade name)" of 4,4'-MDI, and the resultant liquid 
mixture was heated end stirred. At the time the temperature of the liquid mixture reached 50°C, 62 g of the following 
& polyol (b21) and 92 g of the following polyol (b11) were added, and the resultant mixture wae stirred and mixed for 3 
hours at 70 C C under a nitrogen atmosphere, thereby-conductlng a reaction to obtain an Isocyanate group-terminated 
prepolymer [II] making up a chief Ingredient (A). This prepolymer will hsreinafter be referred to as 'Chief Ingredient (A- 

4) ". The Isocyanate group content in Chief Ingredient (A-4) was 21 .0% by mass, and the viscosity at 26°C was 5,600 
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mPa*. 

[Production Example 5: production of chief Ingredient (A)] 

5 [0076] The Interior of a 2 L-slzed four-necked flask equipped with a thermometer, a stirrer, a nitrogen coaled tube and 
a condenser tube was purged with nitrogen. This flask was charged with 235 g of 4,4'-MDI "Mlfllonala MT (trade name)" 
and 599 g of a carbodilmlde-modlfled product •Milllonate MTL-C (trade name)" of 4,4'-MDl, and the resultant liquid 
mixture was heated and stirred At the time the temperature of the liquid mixture reached 50°C, 1 33 g of the following 
polyol (b21) and 33 g of the following polyoi (b12) were added, and the resultant mixture was stirred and mixed for 3 

*0 hours at 70°C under a nitrogen atmosphere, thereby conducting a reaction to obtain an Isocyanate group-terminated 
prepolymer [II] making up a chief Ingredient (A). This prepoiymer Will hereinafter be referred to as "Chief Ingredient (A- 
6)". The Isocyanate group content In Chief Ingredient (A-5) was 21.0% by mass, and the viscosity at 2B P C was 2,300 
mPa-e. 

15 [Production Example 6: production of chief Ingredient (A)} 

[0078] The interior of a 2 L-slzed four-necked flask equipped with a thermometer, a stirrer, a nitrogen-sealed tube and 
a condenser tubs was purged with nitrogen. This flask was charged with 239 g of 4,4'-MDI "Milllonate MT (trade name)" 
end 607 g of a carbodllmlde-modlfied product "Milllonate MTL-C (trade name)" of 4,4'-M0l, and the resultant liquid 

w mixture was heated and stirred. At the time the temperature of the liquid mixture reached 50*0, 92 g of the following 
polyol (b21) and 62 g of the following polyot (bl2) were added, end the resultant mixture was stirred and mixed for 3 
hours at 70'C under a nitrogen atmosphere, thereby conducting a reaction to obtain an Isocyanate group-terminated 
prepolymer [II] making up a chief Ingredient (A). This prepolymer will hereinafter be referred to as "Chief Ingredient (A- 
6) N . The isocyanate group oontent in Chief Ingredient (A-B) was 21.0% by maee, and the viscosity at 25*0 was 3,600 

25 mPa-s. 

[Production Example 7: production of chief ingredient (Comparative)] 

[0077] The interior of a 2 L-elzed four-necked flask equipped with a thermometer, a stirrer, a nitrogen-sealed tube and 
» a condenser tube was purged with nitrogen. This flask was charged with 1 00 g of 4,4'-MDI "Milllonate MT (trade name)" 
and 850 g of a carbodlimlde-modlfied product "Milllonate MTL-C (trade name) 1 of 4,4'-MDI, end the resultant liquid 
mixture was heated and stirred. At the time the temperature of the liquid mixture reached 50°C, 260 g of the following 
polyol (b3 1 ) was added, and the resu Itant mixture was stirred and mtxed for 3 hours at 70°C under a nitrogen atmosphere, 
thereby conducting a reaction to obtain an isocyanate group-terminated prepolymer making up a comparative chief 
95 Ingredient. This prepolymer will hereinafter be referred to as "Chief Ingredient (A-7) B . The Isocyanate group content In 
Chief Ingredient (A-7) was 19.0% by maee, and the viscosity at 25 B C was 1 ,700 mPa-s. 

[Production Example 6: production of chief Ingredient (A)] 

M [0078] The Interior of a 2 L-slzed four-neoked flask equipped with a thermometer, a stirrer, a nitrogen-sealed tube end 
a condenser tube was purged with nitrogen, This flask was charged with 1 63 g of 4,4-MDI "Milllonate MT (trade name) 1 
and 735 g of a carbodilmlda-modlfled product "Milllonate MTL-C (trade name)" of 4,4'-MDI, and the resultant liquid 
mixture was heated and stirred. At the time the temperature of the liquid mixture reached 50°C, 102 g of the following 
polyol (b 1 1 ) wae added, and the resultant mixture was stirred and mixed f or 9 ho ure at 70°C under a nitrogen atmosphere, 

<s thereby conducting a reaction to obtain an Isocyanate group-terminated prepolymer [I] making up a chief Ingredient (A). 
This prepolymer will hereinafter be referred to as "Chief Ingredient (A-8)\ The Isocyanate group content In Chief Ingredient 
(A-6) was 23.5% by mass, and the viscosity at 25°C was 2,200 mPft-e. 

[Preparation Example 1: preparation of curing agent (B)] 

90 

[0079] A curing agent (B) composed of polyol (21 ) was provided (1 00 parts by mass). This agent will hereinafter be 
referred to as "Curing Agent (B-1)\ 

[Preparation Example 2: preparation of curing agent (comparative)] 

[0080] Comparative Curing Agents (B-2) to (B-6) were prepared by mixing polyots (100 parts by mass In total) in 

accordance with their corresponding formulations shown below. 

[0081] 



11 



2009$ 8J119B mm OKUYAMA&CO 



NO. 3936 P. 15/24 



BP18OT786A1 

• Curing Agent (B~2): 

Polyol (b21): 50 parts by mass, and polyol (b11): 50 parts by mass. 
J • Curing Agent (B-3); 

Polyol (b21): 50 parts by mass, and polyol (b12): 50 parts by mass. 

• Curing Agent (B-4): 

w 

Polyol (531 ): 61 parts by mass, and polyol (b1 1): 10 parte by mass. 
. Curing Agent (B-5); 
" Polyol (b3i): B1 parts by mass, and polyol (bi2): 10 parts by mass. 

• Curing Agent (B-6): 

Polyol (b31): 80 parts by mass, and polyol (b32): 20 parts by mass. 

so 

[0002] The polyols used for obtaining the above-described chief Ingredients and curing agents are a* follows. 

(1) Polyol (b11) (corresponding to the polyfunctions! polyether polyol (b1): 

25 A polyfunction^ polyether polyol obtained by using sucrose as an initiator and adding propylene oxide thereto. 

Functionality of the Initiator = 6.0 ( hydroxy! value = 455 (mg KOH/g), and number average molecular weight = 
1,000. 

[0083] (2) Polyol (b1 2) (corresponding tothe polyfunction^ polyether polyol (b1 ): 

30 

A polyfunctions! polyether polyol obtained by Using sorbitol ae an Initiator and adding propylene oxide thereto. 
Functionality of the Initiator - 6.0, hydroxy! value = 550 (mg KOH/g), and number average molecular weight - 600. 

[O064] (3) Polyol (b21 ) (corresponding to the castor oll-moolf led polyol (b2): 

55 

Atilmethylolpropane-modlfled product "*1297X (trade name)" (product of rtoh Oil Mfg. Co,, Ltd,) of castor oil. Average 
functionality = 3.0; hydroxy! value - 340 (mg KOH/g); and GPC measured values when the number average molecular 
weight (Mn) of a castor oil fatty acid monoester of a trimettiylolaikane Is regarded as 460: peak area ratio, whose 
Mn la at least 450, = 68%, and Mw/Mn - 1 .42. 

40 

[0065] (4) Polyol (b31); 

Castor oil "URIC H-30 (trade name)" (product of Itoh Oil Mfg. Co., Ltd.). Average functionality = 2.7; hydroxy! value 
= 1 60 (mg KOH/g); and GPC measured values when the number average molecular weight (Mn) of a castor oil fatty 
acid monoester of a tnmethylolalkane is regarded as 450: peak area ratio, whose Mn le at least 450, = 98%, and 
Mw/Mn = 1.03. 

[0066] (5) Polyol (D32)i 

so N.N^N^N'-tetraklsp-hydroxypropyqethylenedlamlns. Average functionality s 4.0, and hydroxyl value * 760 (mg 
KOH/g). 

[0067] In the above, the GPC measurement was conducted In accordance with the following conditions and method. 
(Measuring conditions) 

(1) Measuring apparatus: "HLC-8120 (trade name) (product of Tosoh Corp.). 

(2) Column: Fourcolumne. In every two columns of which TSKgel G2000HXL (trade name)" and TSKgel G3000HXL 
(trade name)" (both, products of Tosoh Corp.) were respectively packed, were connected. 
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(3) Column temperature: 40°C. 

(4) Detector Rl (refractive Index) meter. 

(5) Eluate: tetrahydrofuran (THF) (flow rata: 1 mL/mln., 40 9 C) 

(e) Calibration curve: Trtfunctlonal polypropylene polyole having the following trade names (all, products of Sanyo 

5 Chemical Industries, Ltd.) were used to obtain a calibration curve. 

i 'SANNIX GP-250" (number average molecular weight = 250) 

• 'SANNIX GP-400" (number average molecular weight = 400) 

• "SANNIX QP-600" (number average molecular weight = 600) 

" • 'SANNIX GP-1000 - (number average molecular weight - 1 ,000) 

• "SANNIX GP-3000" (number average molecular weight = 3,000) 

• 'BANNIX GP-4000" (number average molecular weight = 4,000) 

• 'SANNIX GP-5000 1 (number average molecular weight = 5,000). 

« (7) Sample solution: 1 0 ml of a THF solution of 0.05 g of a sample. 
[Measuring method] 

[0066] With respect to a caetor oil fatty acid monoeater of a trimethylclalkane, Ita peak area ratio, weight average 
20 molecular weight (Mw) and number average molecular weight (Mn) were first determined from a chart obtained by 
detection of refractive Index differences by using the calibration curve obtained from the trtfunctlonal polypropylene 
polyols. 

With respect to each sample prepared, Its peak area ratio, Mw and Mn In the case where Mn of the first measured castor 
oil fatty acid monoeeter of the trimethylolalkane was regarded as 450 were then determined from a chart obtained by 

6 detection of refractive index differences baeed on the same calibration curve, and Mw/Mn was further calculated out 
based on these values. 

<Examples 1 to 7, Comparative Examples 1 to 7> 

so [0068] A chief ingredient and a curing agent were mixed in accordance with their corresponding combinations shown 
In Table 1 and Table 2 so as to give a liquid temperature of 35*C and a ratio (molar ratio) of Isocyanate group/active 
hydrogen group of 1 .00, thereby obtaining respective polyurethane resin forming compositions. 

^valuation of polyurethane resin forming composition (cured product)> 

36 

[Hardness measurement of cured product] 

[0090] After each of the polyurethane resin forming compositions of Examples 1 to 7 and Comparative Examples 1 
to 7 was deaerated by pressure reduction (for 3 minutes at 1 0 to 20 kPa), it was charged into a stainless steel mold (1 00 
40 mm x 1 0 mm x B mm). This was left at reel for 7 days at 25°C to cure the composition and then released from the mold, 
thereby obtaining a cured product (cured resin). 

With respect to each of the thus-obtained cured products, its Shore D hardnese was measured under respective tem- 
perature conditions of 1 0°C, 25°C and 70°C, Measured results and hardness ratios (hardness at 70°C/hardness at 25°C) 
are shown In Table 1 and Table 2. 

4* 

[Adhesiveness to housing] 

[0091] After each of the polyurethane resin forming compositions of Examples 1 to 7 and Comparative Examples 1 
to 7 waa deaerated by pressure reduction (for 3 minutes at 10 to 20 kPa), it was charged Into a housing (44 mm x 10 
50 mm) made of polycarbonate (forming a layer of the composition on the housing) and left at rest for 7 days at 25 a C to 
cure the composition, thereby producing a specimen with a cured product (layer) formed on the housing. With respect 
to each of the thus-obtained specimens, adhesive strength C 0 (= peel force/adhesion area) of the cured product to the 
housing was measured. 

After each of the resultant specimens was subjected to a steam sterilization treatment (121°C for 20 minutes), the 
55 adhesive strength C was measured in the same manner as described above. 

The Initial adhesive strength C 0 , adhesive strength C after the steam sterilization treatment and retention (c/c 0 ) of the 
adhesive strength are ehown In Table 1 and Table 2. 
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Pssoh/ed matter test] 

[0092] After each of the polyurethane resin forming compositions of Examples 1 to 7 and Comparative Examples 1 
to 7 wae deaerated by pressure reduction (for 3 mlnutee at 10 to 20 kPa), It was charged on release paper (forming a 

s layer of the composition on the release paper) 60 ae to give a thickness of about 1 to 2 mm and left at rest for 7 days at 
25°C to cure the composition, and the release paper was then released to obtain a cured product. 
With respect to each of the thue-obtalned cured products, an amount (an Index value Indicated by a difference In an 
amount of potassium permanganate consumed between a test liquid and a blank test liquid) of dissolved matter was 
measured by a dissolved matter testing method In accordance with Teet of Aqueous Injection Containers' In Testing 

w Method for Plastic Drug Containers" prescribed In The Japanese Pharmacopoeia. 

Specifically, each of the resultant cured products wae finely cut, Immersed In water and subjected to a high pressure 
steam sterilization treatment for 1 hour at 121°C, thereby obtaining a test liquid. 

On the other hand, a liquid (l.e., water alone), In which no cured product was immersed ae a blank, was subjected to 
the same treatment, thereby obtaining a blank test liquid. With respect to both liquids, amounts of potassium perman- 
ganate consumed were measured to determine a difference In the amount consumed between both liquids. This difference 
le an Index value to the amount of the dissolved matter, and the amount of the dissolved matter comes to be little as 
this value Is smaller. The differences (Index values) In the consumed amount ana shown In Table 1 and Table 2, 

[Fraction performance as water purifier] 

so 

[00B3] After each of the polyurethane resin forming compositions of Examples 1 to 7 and Comparative Examples 1 
to 7 was deaerated by pressure reduction (for 3 mlnutee at 10 to 20 kPa), this composition wae used to produce a 
columnarwater purifier (length of a hollow-fiber part: 600 mm; diameter of casing sections at both ends: 60 mm) comprising 
a hollow-fiber membrane module produced by sealing gape between hollow-fiber membranes at an end portion of a 

25 bundle of a plurality of hollow-fiber membranes with a sealant obtained by curing the composition. 

This water purifier was used to filter a liquid to be treated, which was obtained by dispersing polystyrene latex particles 
having a prescribed particle diameter In a 0*1% by mass solution of a surfactant (polyethylene gtycol-p-isooctyl phenyl 
ether), and a concentration of the latex particles In the resultant filtrate was measured at a wavelength of 320 nm by 
means of a Hitachi spectrophotometer (U-3400) to determine a particle diameter at a trapping rate of 90%, thereby 

so evaluatlngthe water purifier ae to variations of thafrectlon particle diameter. The results are shown in Table 1 andTable 2. 

[Pot life of polyurethane resin forming composition] 

[0094] After each of the polyurethane reeln forming compositions (total of the chief Ingredient and the curing agent 
h 100 g) of Examples 1 to 7 and Comparative Examples 1 to 7 was deaerated by pressure reduction (for 3 minutes at 10 
to 20 kPa), Its viscosity Increase was traced by meane of a rotational viscometer (B type viscometer, No, 4 rotor) under 
an atmosphere of 2S°C, thereby regarding the time from the point of time the mixing of the chief Ingredient and the curing 
agent was started up to the time the viscosity of the composition reached 50,000 mPa-s ae a pot life. The results are 
Shown In Table 1 and Table 2. 
40 [0096] [Table 1] 
[0098] 
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< Example 8> 

[0097] The polyurethane resin forming composition of Example 2 was used to seal gape between hollow-fiber mem- 
branes et both end portions of a bundle of 9,000 polysulfone hollow-fiber membranes end between a cartridge case 

b (inner diameter: 15.4 cm, made of PVC), In which the bundle had been inserted, and the bundle by a centrifugal bonding 
at 35°C for 80 minutes, and thle cartridge case was left at rest for a week at an atmosphere of 25°C 
The cartridge case. In which the bundle of the hollow-fiber membranes had been Inserted In the above-described manner, 
was detachably accommodated into a housing through the sealant to produce a hollow-fiber membrane module as a 
filter device. This hollow-fiber membrane module was used to conduct a filtration operation and back pressure nitration 

"> of water at 50°C under a maximum water pressure of 200 kPa repeatedly 50,000 cycles. As a result, the sealant portion 
and the hollow-fiber membranes were not broken. 

•(Comparative Example 8> 

is [0088] A hollow-fiber membrane module was produced In the same manner as In Example 6 except that the poly- 
urethane resin forming composition of Comparative Example 4 was used, and the filtration operation and back pressure 
filtration were conducted repeatedly In the same manner as In Example 8. However, the sealant portion was broken 
when 27,000 cycle had slapssd. 

20 <Example 9> 

[0098] The polyurethane reeln forming composition of Example 3 wae used to seal gaps between hollow-fiber mem- 
branes at both and portions of a bundle of 22,000 polysulfone hollow-fiber membranes and between a cartridge case 
(inner diameter! 22. 1 cm, made of polycarbonate), In which the bundle had been Inserted, and the bundle by a centrifugal 

26 bonding at 95°C for 80 minutes, and thle cartridge case was left at rest for a week et an atmosphere of 26'C. 

The cartridge case, in which the bundle of the hollow-fiber membranes had been inserted In the above-described manner, 
was detachably accommodated into a housing through the sealant to produce a hollow-fiber membrane module as a 
large-sized filter device. This hollow-fiber membrane module was used to conduct a filtration operation and backpressure 
filtration of water at 50°C under a maximum water pressure of 200 kPa repeatedly up to 60,000 cycles. As a result the 

» sealant portion and the hollow-fiber membranes were not broken. 

Comparative Example 9> 

[01 00] It was tried to produce a hollow-fiber membrane module in the same manner ae In Example 8 except that the 
36 polyurethane resin forming composition of Comparative Example 7 was used. However, a lack of a eeal slightly occurred 
to fall the production. 

[0101] As shown in Table 1 , the polyurethane resin forming compositions according to Examples 1 to 7 all have a 
long pot life, and the cured products (polyurethane resins) of these compositions are all low In the temperature dependence 
of hardness (little In change of hardness), high In trie retention (C/Cq) of adhesive strength to a housing bass materia) 
*o even when they are subjected to a steam sterilization treatment for a long period of time at a high temperature, extremely 
little In the amount of matter dissolved out In water (good In non-staining property In water) and good In fraction perform- 
ence. 

On the other hand, as shown In Table 2, the cured product of tha composition of Comparative Example 1 using, as a 
chief Ingredient, en teocyanate group-terminated prepolymer obtained without using the polyfunctions! polyether polyol 

« (b1 ) was high In the temperature dependence of hardness. 

The cured products of the compositions of Comparative Examples 2 and 3 using the polyfunctions! polyether polyol (b 1 ) 
only as a constituent of the curing agent were great In the amount of matter dissolved out In water. 
The cured products of the compositions of Comparative Examples 4 and 5 using the polyfunctions! polyether polyol (bl) 
only as a constituent of the curing agent without using the castor oil-modified polyol (b2) as a constituent of the curing 

& agent were high In the temperature dependence of hardness, low In the retention (C/Cq) of adhesive strength and great 
In the amount of matter dissolved out in water. 

The composition of Comparative Example 6 using, as the chief Ingredient, the Isocyanate group-terminated prepolymer 
obtained without using thepolyfunctional polyether polyol (b1 ) and using no castor oil-modified polyol (b2) as aconstltusnt 
ofthe curing agent, andthecomposltlonof Comparative Exarnple7uslngnoca^torol)-modlf1edpolyol(b2)a8acon6tltuent 
» of the curing agent both had ashort pot life, and the cured products thereof were both high In the temperature dependence 
of hardness and low in the retention (C/Cq) of adhesive strength. 

[0102] The hollow-fiber membrane module of Example 8 produced by using the composition (composition of the 
present Invention) of Example 2 Is far excellent in durability against repeated pressurlzatlon compared with the hollow- 
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fiber membrane module of Comparative Example B produced by using the composition of Comparative Example 4. 
[0103] Further, the composition (composition of the present Invention) of Example 3 can be surely applied to the 
production of large-sized modules such as the hollow-fiber membrane module of Example 9, The hollow-fiber membrane 
module of Example 9 has excellent durability against repeated pressurkatlon, On the other hand, according to the 
5 composition of Comparative Example 7, no large-sized hollow-fiber membrane module can be produced ae shown in 
Comparative Example 9, 

INDUSTRIAL APPLICABILITY 

10 [01 04] As described above, the cured products (sealants) of the polyurethane resin forming compositions according 
to the present Invention have many excellent performance properties, in particular, excellent low soluble matter-containing 
property. Accordingly! the cured products can be suitably used as sealants (binding materials) for hollow-fiber membrane 
modules (hollow-fiber membrane type filter devices) making up medical and Industrial separating apparatus. Specific 
examples of these medical and Industrial separating apparatus include plasma separators, artificial lungs, artificial 

is kidneys, artificial livers, and household and Industrial water treatment apparatus. 

[0105] The cured products of the polyurethane resin forming compositions according to the present Invention are 
excellent in various properties, for example, hardness, tensile strength and adhesiveness, so that they may also be used 
as various kinds of industrial sealants, for example, electrical, automotive, building end civil engineering eealanta or 
cushioning materials, and as compositions for obtaining Industrial rolls for paper making, iron manufacture, printing or 

*> the like or OA (Office Automation) Instrument parts suoh as paper feeding roils. 



Claims 

& 1 . A polyurethane resin forming composition comprising a chief Ingredient (A) containing an Isocyanate component, 
and a curing agent (B) containing a polyol component, 

wherein an Isocyanate group-terminated prepoly mar obtained by reacting an isocyan ate group-containing compound 
(a1 ) with a polyf unctional poryether polyoi (b1 ) obtained by using, as an Initiator, a oompound having a functionality 
of at least 6 le contained as the Isocyanate component making up the chief Ingredient (A), and 
90 a castor oll-modlfled polyol (b2) obtained from castor oil anchor a castor oil fatty acid and a trtroethylolalkane is 
contained as the polyol component making up the curing agent (B). 

2. A polyurethane resin forming composition comprising a chief ingredient (A) containing an Isocyanate component, 
and a curing agent (B) containing a polyol component, 

ft wherein an Isocyanate group-terminated prepolymer obtained by reacting an isocyanate group-containing compound 
(a1); a polyfunction^ polyether polyol (bl) obtained by using, as an initiator, a compound having a functionality of 
at least 6; and other polyol(s) (b3) is contained ae the leocyanate component making up the chief Ingredient (A), and 
a castor oil-modified polyol (b2) obtained from castor oil and/or a castor oil fatty acid and a trlmethylolalXanB ts 
contained ae the polyol component making up the curing agent (B). 

40 

3. The polyurethane resin forming composition according to claim 2, wherein at least a part of the other polyol (s) (b3) 
used for obtaining the Isocyanate group-terminated prepolymer le the castor oil-modified polyol (b2), 

4. A process for production of a sealant, comprising curing the polyurethane resin forming composition according to 
<5 any one of claims 1 to 3. 

5. A process for production of a hollow-fiber membrane module, comprising the step of sealing gaps between hollow- 
fiber membranes at an end portion of a bundle of a plurality of hollow-fiber membranes with a sealant obtained by 
curing the polyurethane reeln forming composition according to any one of claims 1 to 3. 

50 
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